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Abstract- This study presents solar chimney power plant
integrated with sea water desalination system. A simple
mathematical model is based on the conservation of mass
and energy. The results show that the integrated system of
solar chimney power plant and solar still can achieve
simultaneously. The analysis is performed for both
summer and winter at latitude 30°N. It’s noted that, the
water layer thickness is of a significant effect on the fresh
water productivity while the dimensions of solar chimney
and the solar collector are of a minor effect. The
productivity of fresh water and output power for summer
are the highest. The present work is compared with
experimental data of the other work and showed a good
agreement.

Index Terms-solar chimney, solar still, desalination, water
purification.

1. INTRODUCTION
In warm countries, energy and fresh water demand

increasingly. In classical power plants and desalination
unit, pollution increases and high fuel consumption is
required. So the ideal solution is to use renewable
energy. Solar energy is one of the most frequently used
to drive renewable power plant and desalination units
in an environmentally friendly manner. Many
researchers steadied the solar power plant and solar still
separately but there is a few others integrated both solar
power generation and solar still units.

Y.J. Dai et.al [1] steadied solar chimney power plant
in northwestern China. They presented a simple
theoretical model. Solar power plant chimney, in
which the height and diameter of the chimney are 200
m and 10 m, respectively, and the diameter of the
solar collector cover is 500 m, is able to produce
110~190 kW electric power on a monthly average all
year. Some parameters, such as chimney height,
diameter of the solar collector, ambient temperature,
solar irradiance and the efficiency which influence
the performance of power generation, are also
analyzed. Mohammad O.Hamdan [2] presented A
simplified thermodynamics analytical model for
steady air flow inside a solar chimney in Arabian gulf
region. The results show that a solar chimney power
plant with a chimney height of 500 m and a collector

roof diameter of 1000 m would produce at least 8
MW of power. He concluded that, the amount of
power produced during the summer would be higher
where the demand in the Gulf area is the highest.

Lu zuo et. al 2011 [3 ]Jenveloped a new mathematical
model to solar chimney power system with
integration of sea water desalination in Northwest
China. Through theoretical analysis, it has been
demonstrated the integrated system can significantly
improve the solar energy utilization efficiency as well
as the land resources utilization efficiency, at the
same time, the economic, social and ecological
benefits can also be significant.

Lu zuo et. al 2011 [4]presented a small-scale
experimental device for solar chimneys integrated
with sea water desalination based on the practical
weather condition.

The experimental results show that the integrated

system can achieve simultaneously the multi targeted
production indeed, such as power and freshwater.
The main period of the distilled water output is during
the absence of solar irradiance, but the minimum
output is during the period of the strong radiance. The
airflow temperature rises along the radial of the
system and the temperature rise mainly occurs in the
first 1/3 section of the heat collector radius.
Compared to the solo solar chimney power
generation system, the integrated system would
significantly improve the utilization efficiency of the
solar energy.

Il. THEORETICAL ANALYSIS

In order to simplify the theoretical analysis, the
following assumptions can be considered:

1. The temperature distribution inside the solar
collector is linear.

2. No heat transfer from the basin of the solar still
to ground.

3. Thermal properties of air is constant accept the
density is temperature dependent.
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4. No temperature gradient along the solar

chimney.

Fig. 1 shows the theoretical model which combined
solar chimney power plant and solar still. The energy
balance equations of different components of the
system can be considered as follows:
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Fig. 1 Mathematical model
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The energy balance for the air stream inters the solar
collector can be given as:

hwg AC(TW - Tg) - hoAc(Tiav - To) =
mg Ca (Ti - To) (4)
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Where;

Ti+To

Tiay = )

2

The pressure difference produced between chimney
base and the surroundings is given as:

Ap = g [, "(po — p)dz (6)

For constant density difference along the chimney,
the last equation can be written as:

Ap = g(po — pi)Hen @)

By using the Boussinesq approximation, the air
density difference can be calculated by [5]:

Po— Pi = po BAT 8

Applying Bernoulli equation along the chimney, the
air mass flowrate is given as follows:

29Hcp (Ti—To)
To

9)

My = pi Ack

The direct solar radiation flux that incident on the
solar collector can be gives as a sine wave profile as
follows:

— A cip Tt
I =Asin 5 (10)
Where;
(A) is maximum direct solar radiation during the day.

(t) is the time from the sunrise.

(D) is the day length (time interval from the sunrise
to sunset).

The heat transfer coefficient between the water layer
and the glass cover is given as [6 ]:

hwg = hey + Ay + hey (11)
Where;
h,, = 0.884 [Tw — T, 4 (B -
1/3
(Tw+273)
R") (268.9><103—Pw)] (11 a)
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4_ 4
h,, = co [(Tw+273)*—(Tg+273)*] (11 b)

(Tw=Tg)

(Pw—Pg)

hew = 16.273 x 10 3Ry, o (11¢)
And;
_ 5144
Py = exp[25.317 — m] (12a)
_ 5144
P, =exp [25.317 27 (12 b)

The heat transfer coefficient inside the solar
collector can be give as [7]:

h, =57 +3.81 (13)

Where; % is the average air velocity inside the solar
collector which can be evaluated from the following
formula:

Mg Tco dr

(14)

<l
I

2mp(Tco="Tch) “Tch T

ey o (15)

2mp(Teo—Tch) Tch
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Equation (1) can be written as:

dTy, _ aw TAc+hy Ac(Th—Tw)—hyg Ac (Tw—Tg)

dt my, Cy

(16)

The last Equation can be solved numerically using
equations (2 to 15) to evaluate temperature of the
water layer at any time.

And the hourly productivity of the solar still is given
as:

3600 hey(Tyw—Tg)

Tty . (17)
The daily productivity is given by:
MEW = 1,2;1.1 mew (18)
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The available power due to the upward hot air stream
can be given as:

1 mgs

T 2(pAcn)?

(19)

I11. RESULTS AND DISCUSSION

The calculations are performed at latitude 30°N for
January and July .The values of the parameter (A)
that is appeared in equation (10) are considered to be
600 W/m? for January and 900 W/m? for July. All
calculations are performed using matlab software.

Fig.2 shows the water, air, and glass cover
temperature as a function of time in January. The
temperatures increase with time to reach maximum
value before falling down gradually. It is clear they
affected by the solar radiation intensity profile. Fig. 3
shows a similar behavior but higher values of water,
air, and glass temperatures than that shown in
January due to the higher solar radiation intensity in
July.

Figures.4 and 5 show the output power in January and
July. It’s clear that the output power increase with
increasing of the chimney height due to the increase
of the draft force as the chimney height increases.
Also the output power in summer is the highest due
to the highest solar radiation intensity in summer.

In figures 6 and 7, the output power increases with
increasing chimney diameter due to the increase of
air mass flowrate. The curves order is changed after
about 4 hrs. from mid-day. This is because the
decrease of solar intensity afternoon and the effect of
the heat capacity of water layer.

Figure 8 and 9 show that the power generated is
significantly increase with increasing the collector
diameter due to increase of the solar radiation
absorbed by the collector. It is also show the output
power in summer is about two time that of winter.

Figures 10 and 11 show that, the output power is
inversely proportional to the water layer depth during
the day due to the fast and easiest heating of a small
quantity of water in comparison with the large one.
At night the smallest mass of water which is
considered as heat storage cooled faster which means
low air temperature inside the collector and in turn,
low power generated.

Figures 12 and 13 show the productivity of the solar
still with time for different values of chimney height.
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Its shows a slightly increase of the productivity with
increase of chimney height during the day this is
because that, the air velocity inside the collector
increases with increasing chimney height and in turn

increases heat losses from the still glass cover
causing an increase of the condensation rate. On the
other hand this may be increasing the heat losses from
the water layer which means a decrease in the
condensation potential. At night show an inflection in
the behavior due to the effect of heat capacity of the
water layer. It’s also show that the productivity in
summer is much higher than that of winter due to high
solar intensity and evaporation potential in summer.

Figures 14 and 15 show a slightly increase in
productivity with increase of chimney diameter due
to increase of the mass flowrate which in turn
increase of heat transfer coefficient in the collector
and decrease the still glass cover temperature
causing increase of condensation potential. At night,
where absence of the solar radiation, heat capacity of
the water layer causes an inflection in the curves
behavior.

Figures 16 and 17 show a decrease in the
productivity with increasing the collector diameter
this may be due to the increase of the air mass
flowrate and in turn increase of heat losses from the
water layer in the still causing a decrease in the
evaporation potential.

Figures 18 and 19 show a significant increase in the
productivity with decreasing water layer depth due to
low heat resistance of the small water layer thickness
and easy to heating and in turn increase of
evaporation potential.

A comparison between fresh water productivity of
the present work and experimental data of the work
by Tiwari etal.[6] is shown in Fig.20. The
comparison was made for variable solar radiation
along the day where the maximum value at mid-day
is 696 W/m?. It shows a good agreement between the
two works.
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Fig.2 Temperature profile of water layer, still glass cover and
inside collector air (January).
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Fig.3 Temperature profile of water layer, still glass cover,
and inside collector air (July).
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Fig.4 Effect of chimney height on output power (January).
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Fig.5 Effect of chimney height on output power (July).
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Fig.6 Effect of chimney radius on output power (January).
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Fig.7 Effect of chimney radius on output power (July).
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Fig.8 Effect of collector radius on output power (January).
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Fig.10 Effect of water layer thickness on output power (January).
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Fig.12 Effect of chimney height on productivity (January).
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Fig.13 Effect of chimney height on productivity (July).

Fig.16 Effect of collector radius on productivity (January).
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Fig.18 Effect of water layer thickness on productivity (January).
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Fig.19 Effect of water layer thickness on productivity (July).
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Fig.20 comparison productivity of the present work and
experimental data of Tiwari [6].

IVV. CONCLUSIONS

The present work leads to the following
conclusions:

1.

The combined system to product power and
freshwater driven by solar energy can
achieve.

The productivity of fresh water is affected
significantly by water layer thickness.

The chimney and collector dimensions are of
a significant effect on the output Power
especially the chimney height.

A slight effect of the system dimensions on
the productivity of fresh water per unit area.
The output Power and productivity of fresh
water in the summer are higher than that of
winter.
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Symbols

A Parameter appears in eg. (10)

A. Collector area, m?

Acn Solar chimney cross section area,
m2

Ca Specific heat of air , k/kg °C

Cw Specific heat of water , kJ/kg °C

D Day length, hr.

Dch Solar chimney diameter, m

D¢, Solar collector diameter, m

htg Latent heat of vaporization, J/kg

hg Inside collector heat transfer
coefficient, W/m?°C

t: Time, sec.

hw Inside still heat transfer
coefficient, W/m?2°C

ho Outside air heat transfer
coefficient, W/m?°C

hew Convective heat transfer
coefficient, W/m?°C

hew Evaporative heat transfer
coefficient, W/m2°C

hw Radiative heat transfer
coefficient, W/m2°C

I Direct normal solar radiation,
W/m?

m, Air mass flow rate, kg/s

my Mass of water layer, kg

Pw vapor pressure at water
temperature , N/m?

p Power, W

Py Vapor pressure at still glass

temperature , N/m?

ren  Radius of chimney, m

reo  Radius of collector, m

Tn  Absorber temperature, °C

Ty Still glass cover temperature, °C

Ti Inside collector air temperature, °C

Tiav Average inside collector air
temperature, °C

T, Ambient temperature, °C

u  Average air velocity inside
collector , m/s

Greek

p; Air density at chimney entrance,
kg/m3

p Average air density (kg/m?)

a, Absorptivity of still basin liner

a,, Absorptivity of water layer

€ Emissivity

o Boitzman constant
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